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Safety Evaluation of Radiating Element by Structural Test and
Stress Analysis

Jin-Yul Kim*, Dong-Seob Kim*, Byung-Rak Park’, Jin-Sung Kim**, Min-Sung Kim***,
Chan-Yik Park***, Woon-Bong Hwang*"

ABSTRACT: This study manufactured the radiating element of multi-band antenna skin structure which satisfy
electrical and mechanical performance and is made by double injection molding process. Structural test including
impact and buckling test is carried out and stress analysis is simulated to evaluate safety of radiating element for the
axial and shear loads, when changing of the skin structure is occurred by the external force. To predict allowable load
of structure and evaluate safety on impact and buckling, experimental and analytic method is used in strength analysis

of structure.

2 BB APlAE AR A7 )5S BE BESH dEe A0TESNY M 208 25 AE
o7 Xﬂ/f%ﬁ}@‘q FT YR A7) 1z W °ﬂ tﬂré A 2210 Y AdE HEE] Ykl 4 E ol gt
ANEH & otF A shgoll theh A= a4 At 281 o i QhElv A% RO BAF &b
e AT A S P B A A A5k 0 Sl ok e 325 Hael e o

X

Key Words: A} A~ Z}(radiating element), -2 4! & (structural test), -5-2 3J]4] (stress analysis), Q-4 3 7} (safety

evaluation)
1M = 4R A £ o) R B
K Bol pxAQ AT 2L WE| Sste] |4 =
SA\9] FoF e, AT AT S P4 SG BR Ho] AL Hom o|RojA 1 % [1-3]. Fuf ol A = gt
& Aok RS B3] D A 5o w2A] 485l AR AN FEEel BY At |EE FEE

At A7 AAF o2 ghdrs] [dE| L Sk o] A o Ardste] x4 - A71H TS FAlof = HHA
Jx L9 & oY (Composite antenna structures) $1717} k3] 2|

T B4 ope] Aol o Hiki 3E

Shite] e mlaS AR AZE T AE S5 YE| A ch4-8]. o] Tt 7w WHE 7N o2 AA 5“171
Aue F2E AutE Az(Smart skin) EE CLAS o] H&al7] 913t AL A2 e e e, 5 o
(Conformal load-bearing antenna structure)z} -2 1| RCS 7145 f3to] QMEIY 7153 sk XA -2 TS

420135 68 202, AZHSQl: 20134 88 26
*metgutcistm 7| A5 stat
*TiofLE}EHoPﬂ 7| A Z&tat, Corresponding author (E-mail: whwang@postech.ac.kr)
AR ERY| A
BT

St
st



260 2xg - =M . diHar . 2%

FAO & 4 Gl WA 270 2 7% Aro] o] o] 4
3 9leh G710 A ] 913 FEH BE A

A ohat 2o

&}%: 1,800 Ib/in

o 3= 600 Ib/in

7 3% 4 Ib-frof] A AF kg
ZWFEEO & 4,000 pertA] Zz uluray

Fig. 12 chETie] Qhelut 271 728 Uehfa glow
B R BAF 24 AR 71AH A% BAL
QI3hIct. Fig. 20041 BEo] B} A Qe 7wkt 2
A AR AN LA 7] 7k 9o
Flare] FHE F3) Frol B3 wjdo] ddse] g 7

-l> oy

zolth. TYE B Qrelut 7|%kat Bt vj Ao Y2t a+
A wel 42 AEE §A5) S8 chaket 2719k we 4
o] po] ZASHA Ht. Al THL 2% S 4B A

g510) h} 2k BE Lol ket 7]%hS 4RIs1]
Ao m NA| Fejo] Ht miES ARESE F Wi Ho
2 oMoz Rt ulae Flele] ol elo] Bt
ol sjme] 7 Aol o] wlel B v ol
£ OISk ML 40 F 2 A0S S u o
23} ) eho] E2 o] $-5t0] Al 2HEch 2t o)
oﬂ Hato] EX A7) & AL gFALS o3 A vbatelch
A2}e] 7 7]% 300 mm X 300 mm><6mm0]T4— SHe| Lt
7]= 292 mm X 292 mm X 0.4 mmo]| ™, =9}o]| ]
¥Ql Fopagjo] FopR el oheluh 71 BS A
Fefolct. 5], ZepAg L SHELt 7|2e] 714 Al

‘_

_ <— Radiating element

<+— Inner core

Fig. 1. Antenna skin structure for multi band.
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(a) Specimen fixture

(a) Log periodic antenna substrate  (b) Manufactured radiating element

Fig. 2. Antenna substrate and radiating element.

(b)Measured positions of specimen surface

Fig. 3. Impact test.
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Table 1. Material properties of radiating element

. Complex Antenna
Properties .
media substrate
Density (g/cm?) 1.51 1.9
Elastic modulus (GPa) 9.1 24.0
Poisson's ratio 0.39 0.19
Tensile strength (MPa) 86.3 300.0
Compresseive strength (MPa) 119.7 500.0
Flexural strength (MPa) 116.0 500.0
Shear strength (MPa) 45.6 175.0

Properties of complex media obtained from experiments in
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(a) Axial load modeling

(b) Shear load modeling

Fig. 5. Analysis models.
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Table 2. Strain results of impact specimens
Specimens Strain of Strain of Strain of Strain of
P 1 point (ug) | 2 point (ue) | 3 point (ue) | 4 point (ue)
Specimen 1 1,164.8 659.7 713.1 1,479.9
Specimen 2| 1,374.7 919.4 829.6 1,245.3
Specimen 3| 1,187.7 684.5 823.0 1,364.1
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Table 3. Results of buckling specimens

Specimens Peak load | Side disp. | Axial stain |Lateral strain
P kN) | (mm) (ue) (ue)
Specimen 1 18.6 9.5 5,861/-6,701 330
Specimen 2 18.6 7.4 5,411/-3,152 477
Specimen 3 19.5 8.8 6,207/-4,661 522
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Fig. 7. Results of buckling test.
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Fig. 9. Analysis results of allowable shear load.
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